Background: Dexmedetomidine, a predominant alpha-2-adrenergic agonist has been used in anesthetic practice to provide good sedation. The drug is being recently used in neuroanesthesia during awake surgery for brain tumors and in functional neurosurgery. Materials and Methods: This prospective study analyzed the hemodynamic effects of dexmedetomidine infusion during electrocorticography in patients undergoing surgery for mesial temporal sclerosis. Dexmedetomidine infusion was administered during intra-operative electrocorticography recording, 15 minutes after the end tidal MAC of N 2 O and isoflurane were decreased to zero. Anesthesia was maintained with O 2 :air mixture = 50:50, vecuronium and fentanyl. Heart rate (HR), mean arterial pressure (MAP) and end tidal carbon dioxide (ETCO 2 ) were recorded across at induction, 2 min prior to dexmedetomidine (PreDEX), 5 min during dexmedetomidine infusion (DEX; 1 μg/kg), 5 min after stopping dexmedetomidine and 10 minutes after stopping dexmedetomidine. Results: Forty patients with mesial temporal sclerosis (M: F = 27:13, mean age = 28.15 ± 10.9 years; duration of epilepsy = 12.0 ± 7.9 years) underwent anterior temporal lobe resection with amygdalohippocampectomy for drug-resistant epilepsy. Infusion of dexmedetomidine caused a transient fall in HR in 87.5% of patients and an increase in MAP in 62.5% of patients, which showed a tendency to revert back towards PreDEX values within 10 min after stopping the infusion. Sixty-five percent of the patients showed ≤25% reduction and 10% of them showed >25% reduction in HR. 47.5% of the patients showed ≤25% increase and 15% of them showed >25% increase in MAP. These changes were over a narrow range and within physiological limits. Conclusion: The infusion of dexmedetomidine for a short period causes reduction of HR and increase in MAP in patients, however the variations are within acceptable range.
Introduction
Dexmedetomidine (Dex) is an alpha-2 adrenergic agonist which has gained popularity in neurosurgery due to its sympatholytic action and nociceptive properties. [1] It is being increasingly used as a sedative during awake craniotomy and as well as in intensive care unit settings. Dex along with remifentanil and various other anesthetics such as ketamine, midazolam and propofol are being used for recording evoked potentials, microelectrode recordings, cortical stimulation etc,. [2] [3] [4] In all these techniques, it has been found that most anesthetics have a suppressant action because of their gamma aminobutyric acid (GABA)-mediated action. Most anesthetics during microelectrode recordings (MER) in DBS too cause similar difficulties, as the sub-cortical structures are extremely sensitive to effects of GABA. [5, 6] However, Dex through its GABA-independent action provides well-preserved intraoperative MER and evoked potentials. [5, 6] Some studies have addressed the use of Dex in epilepsy surgery. The main agents used routinely for awake craniotomy with electrocorticography (ECoG) include propofol, midazolam-fentanyl combination and remifentanil. [7] During the whole procedure, the important aims are to provide adequate ventilation, maintain hemodynamic stability, adequate analgesia to ensure proper participation of the patient in the functional assessment and maintaining normal intracranial pressure (ICP). As the drug is being used increasingly in neurosurgical practice, it is important to establish the hemodynamic safety during the time the patients receive Dex.
In this study we have evaluated the effect of short-term bolus infusion of Dex intraoperatively in patients with drug-resistant temporal lobe epilepsy undergoing ECoG during anterior temporal lobectomy and amygdalohippocampectomy.
Materials and Methods
This prospective study was carried out with the approval of the institutional ethics committee in a tertiary neuroscience center. Patients with drug-resistant epilepsy due to mesial temporal sclerosis (MTS) who were planned for anterior temporal lobectomy and amygdalohippocampectomy were selected. A written informed consent was obtained from all the patients who were enrolled into the study. It is our institutional practice to record ECoG in all epilepsy surgery cases with focal lesions, including MTS. All cases of MTS undergo standard anterior temporal lobectomy and amygdalohippocampectomy irrespective of ECoG findings. We selected patients with MTS to obtain a homogenous cohort with an adequate sample size, since MTS is the most common focal pathology with drug-resistant epilepsy and managed by surgical resection. The ECoG findings in the study are being reported elsewhere. Patients were monitored during surgery with electrocardiogram (ECG), non-invasive blood pressure (NIBP -Datex Ohmeda S/5 ® ), pulse oximetry, temperature, inspired and expired anesthetic concentration and capnography using an AS/5 ® monitor (GE health care, Helsinki, Finland). The cohort had stable hemodynamic parameters during the start of the study, unlike people undergoing neurosurgical procedures for raised ICP features or intrinsic brainstem lesions.
Intra operative procedure
Anesthesia was induced with intravenous fentanyl 2 μg/kg and propofol 2-2.5 mg/kg. Induction heart rate (HR) and mean arterial pressure (MAP) were recorded. Vecuronium 0.1 mg/kg was used to facilitate endotracheal intubation and lidocaine 1mg/kg was used to blunt the hemodynamic response to laryngoscopy and intubation. The patients' lungs were mechanically ventilated with N 2 O:O 2 and 1% isoflurane to maintain a PaCO 2 at 30-35 mmHg. Intermittent doses of fentanyl and vecuronium were administered to maintain analgesia and skeletal muscle paralysis. Depth of anesthesia was measured using entropy/bispectral index which were maintained in the range of 40-50 throughout.
Five minutes prior to recording the ECoG, 1 μg/kg body weight of fentanyl and a dose of muscle relaxant were administered to prevent any movement during the recording. Isoflurane was stopped and the patient was ventilated with air: Oxygen mixture to allow the end tidal isoflurane concentration to fall to zero. The HR and MAP were recorded before starting Dex infusion (PreDex stage). Following this, all the patients were uniformly given a bolus dose of 1 μg/kg body weight of Dex intravenously over 5 minutes using an infusion pump (Fresnius Kabi, Base Primea) and the HR and MAP were recorded during the 5 min of infusion, during which ECoG was recorded. The recording was further continued for 10 min after stopping Dex and the values of the variables were noted at 5 min and 10 min after the infusion, as the effect of the drug was wearing off.
The hemodynamics of the patient was recorded through all the five stages of the study, namely stage 1-induction (IND), stage 2-before Dex infusion (PreDEX), stage 3-during Dex infusion (DEX), stage 4-5 min after the infusion (5 min PostDEX) and stage 5-10 min after the infusion (10 min PostDEX). End tidal carbon dioxide (ETCO 2 ) was recorded during stages 2-4. After the ECoG recording, nitrous oxide and isoflurane were restarted and the surgical procedure was carried out. The changes in the hemodynamic parameters were analyzed offline. The changes in hemodynamic parameters during various stages of Dex were analyzed. The measures of central tendency and variation across the five stages are expressed as Mean ± Standard Deviation. A univariate analysis of variance (ANOVA) unassuming variances was used to evaluate the changes across stages. Since not all patients showed the same response across the stages, a cumulative frequency analysis was done to determine how many patients showed a differential response. A P < 0.05 was considered statistically significant.
Results
Forty patients were recruited in this study to analyze the effects of the drug during surgery. HR and MAP were monitored under Dex infusion in these patients. The mean age of the patients was 28.15 ± 10.9 years. The cohort comprised of 27 males and 13 females. All patients had MTS and underwent anterior temporal lobectomy and amygdalohippocampectomy for drug-resistant mesial temporal lobe epilepsy (right: 21, left: 19) . The demographic details of the patient cohort are given in Table 1 . The ETCO 2 was maintained at around 30mmHg (PreDEX: 30.35, DEX: 30.1, PostDEX 5 min: 29.825, PostDEX 10 min: 29.425) during the procedure. The change in the measured parameters was compared across the stages using repeated measures ANOVA.
HR analysis
T h e m e a n H R i n c r e a s e d f r o m t h e t i m e o f induction (IND) to PreDEX but it was not statistically significant (P = 0.104). This could be because of the various stimuli such as intubation, craniotomy, etc., Interestingly, we noted that there is a significant decrease in the HR from PreDEX to DEX stage (P < 0.0001). This fall in the HR continued into the early post DEX stage (PostDEX 5 min) (P = 0.009) [ Table 2 , Figure 1 ]. However, this hemodynamic change was very short lived and during the subsequent 5 min it showed a tendency toward returning to the baseline. These changes were within the physiological limits (HR range: 67.5-79.85bpm). On analyzing the cumulative frequency of this event, we noted that a reduction in HR occurred in most of the patients (87.5%) in the cohort. Sixty-five percent of the patients showed ≤25% reduction, while 10% of the patients showed >25% reduction in HR [ Table 3 ]. There was a greater than 50% fall in the HR transiently in three subjects, while the mean baseline HR for these individuals was 86.6 bpm. However, during this change the MAP was maintained at a mean of 101 mmHg. Hence, no additional action was taken and as soon as the infusion was stopped the HR returned toward baseline. 
MAP analysis
The MAP increased from the time of induction (IND) to PreDEX but the change was not statistically significant (P = 0.071). A significant increase in the MAP was noted from PreDEX to DEX stage (P = 0.016). 62.5% of the patients showed an increase in MAP from PreDex to Dex stage. While 47.5% of the patients showed ≤25% increase, 15% of them showed >25% increase in MAP [ Table 3 ]. However, from DEX to post DEX 5 min stage, there was no significant change in MAP which remained elevated. During the subsequent 5 min it was noted that the MAP showed a tendency toward returning to the IND level which was significant (P < 0.0001) [ Table 2 , Figure 1 ]. Therefore, it was noted that there was an increase in the MAP during the time of Dex infusion which continues into the next 5 min after stopping the infusion. However, this hemodynamic change was very short lived and during the subsequent 5 min it showed a tendency toward returning to the PreDEX MAP. These changes were within the physiological limits (MAP range: 90.42-101.65 mmHg).
Discussion
Hemodynamic stability intraoperatively is very crucial for good postoperative outcome in neurosurgery. The hemodynamic complications include perioperative hypertension, intraoperative bradycardia and rarely asystole. Intraoperative hypertension can lead to increased bleeding at site, brain swelling through the durotomy making it very difficult for the surgeon to operate. Along with this, various respiratory complications have to be considered such as dose-dependent respiratory depression, a serious adverse effect while using thiopentone or propofol. [8, 9] The main effects of Dex are as a central sympatholytic and as a peripheral ganglionic blocker. This action is predominantly performed through agonistic action at the pre-synaptic alpha 2 adrenergic receptors. This causes a decrease in the release of catecholamines (both epinephrine and norepinephrine) into the synaptic junction. [10] [11] [12] The initial response to rapid DEX infusion may be a transient hypertension. [13, 14] Dex has the characters of an ideal perioperative anesthetic and sedative agent, i.e. it does not cause respiratory suppression, provides good analgesia, rapid onset and short elimination half-life and a good anxiolytic effect. In contrast to benzodiazepines and other sedatives, patients treated with Dex are adequately sedated yet, arousable and responsive.
In this study, we evaluated a short duration use of Dex intra-operatively (lasting 5-10 min) in patients with drug-resistant temporal lobe epilepsy. A practical application is mainly in functional neurosurgeries such as epilepsy surgery, to identify the irritative zone intraoperatively without actually causing the awake state while maintaining stable hemodynamic parameters.
The hemodynamic changes were transient and within a very narrow range from the induction HR and MAP. This fall in HR is a noted effect with other drugs being used for epilepsy surgery such as propofol. Tarvainen et al. noted that there was an overall increase in HRV and decrease in HR prior to loss of consciousness noted with both Dex and propofol, but these changes were more considerable with Dex than for propofol. [15] This change has been noted to be beneficial intraoperatively as it has cardioprotective effect. An increase in the diastolic period with a marginal rise in blood pressure facilitates better cardiac perfusion, as myocardial perfusion tends to occur during the diastolic phase. [16] Post-operatively these patients recovered well and had no evident autonomic dysfunction at the time of discharge. Though studies have shown trends toward bradycardia (particularly in susceptible individuals) with prolonged use of Dex, [17] [18] [19] it can be used safely for short duration anesthesia due to its rapid onset and wear off of its clinical effects. In our study, the effects wore off within 10 min after the infusion of the drug. However, it has been reported that the effects were more pronounced with longer duration of infusion. In a study conducted by Kabukcu et al., it was found that when a continuous infusion of Dex was administered at a dose of 1 μg/kg body wt/hour in patients undergoing coronary artery bypass surgery, it was found that the fall in the mean HR persisted even 10 min after stopping the infusion. Dex was continued at lower dose 0.2-0.4 μg/kg body wt/hour throughout the surgery, this change persisted into subsequent phases of the surgery. Interestingly, they noted an accompanying fall in MAP. [20] A simultaneous use of Dex along with other anesthetics such as fentanyl is also shown to produce a reduction in both the HR and systolic and diastolic blood pressures. [21] A fall in HR has been a consistent finding in most studies while the changes in blood pressure have been variable, along with a dose-dependent fall in blood pressure noted in one of the studies on healthy volunteers. [22] We noted that a reduction of HR occurred in most of the patients (87.5%), while an increase in MAP was less consistent. These hemodynamic effects are thought to be caused by biphasic action of Dex, i.e. a short lasting increase in MAP followed by a longer lasting hypotension because lower dosages reduce norepinephrine release, resulting in a decrease in vascular tone and hypotension, and higher dosages produce alpha-2B-mediated vasoconstriction and hypertension. [23, 24] 
Conclusion
Dexmedetomidine was found to be a safe and hemodynamically stable drug in recording of electrocorticography during epilepsy surgery. The infusion of drug for a short period causes reduction of heart rate and increase in mean arterial pressure in patients, however the variations are within acceptable range.
